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Abstract: 
A model designed to demonstrate extraocular muscle paralyses was constructed with 
some success. Some problems concerning vertical gazes were unable to be resolved rendering 
the demonstrator of limited use. 
An accompanying discussion on extraocular muscle pareses and paralyses reviews the 
muscle's locations, actions, and innervations, and various testing procedures used in the 
assessment of paretic and paralytic extraocular muscles. Also included is a description of the 
typical course of a paresis/paralysis and of various paretic and paralytic presentations with 
associated etiologic and epidemialogic information. Anomalies which mimic or cause extraocular 
muscle pareses/paralyses are also mentioned briefly. 
1 
Introduction: 
Clinical skills and knowledge are strengthened with experience, and likewise, atrophy 
with lack of use. This is demonstrated in that general practitioners can easily find a myopic 
patient's subjective refraction without putting much thought into its acquisition. This is possible 
because these tests are performed many times during the course of a day and have become 
routine, with the concepts tor the testing well understood, tucked away without need tor constant 
review. However, for those anomalies that are not routinely seen and diagnosed, a practitioner's 
understanding of the condition and how to diagnose it tends to wane. An example of such a 
subject, for most primary care practitioners, is the area of paretic and paralytic extraocular muscles. 
Whether this area of weakness is due to atrophy of previously learned material or due to a simple 
lack of development, there is a need for a clearer understanding among students and 
practitioners. 
For the general practitioner, the number of presenting cases of paretic/paralytic 
extraocular muscles is relatively few, but can be of great concern to the patient and potentially of 
grave importance. Therefore, it is well to understand this subject for the cases that will inevitably 
be seen. 
This thesis project is an attempt to help better understand the clinical side of this topic. A 
teaching tool will be fabricated which will demonstrate the physical effects of paretic/paralytic 
extraocular muscles on the orientation of the eyes while in different positions of gaze. Being a 
hands-on, interactive device, this will be a helpful add ition to the learning process. A concise, 
clinically relevant reference will accompany the demonstrator. 
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The Extraocular Muscle Paralysis Demonstrator: 
In order to effectively demonstrate muscle paresis, a model must first have the ability to 
simulate different positions of gaze. These positions can be divided into lateral, vertical, and 
combination positions (refer to Table 1). Secondly, the model must have the ability to 
demonstrate a paresis of any combination of the twelve extraocular muscles from any of these 
positions of gaze. Therefore there must be two mechanisms in place: one to "contract" the 
appropriate extraocular muscles for the desired position of gaze, and another to paralyze specific 
muscles. 
Table 1: Positions of gaze categorized by horizontal and vertical components. 
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. .. ··-· · · · · · · · · · ·· ... . 
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.. . . ......... 
-Primary position and secondary movements are represented in highlighted areas 
-Tertiary movements are represented in non-highlighted areas 
In order to realize these two mechanisms, there first must be a pair of eyes that are able to 
move as real eyes move, on all three of Fick's axes (x, y, and z). This was accomplished by using 
wooden balls that are bored out such that they will receive a smaller ball inside. The smaller ball is 
connected to a rod which extends out the back of the larger wooden ball through an opening in 
the shape of a cone (see Figure 1). This creates a model eye, the larger wooden ball, on a ball-
and-socket joint, allowing for all desired movements. 
Once the eyes are assembled, a mechanism must be created to move the two eyes from 
primary position into secondary and tertiary positions of gaze. The first task in accomplishing this 
is to simplify each secondary movement (refer to Table 1) into a contraction of two extraocular 
muscles, one for each eye. Each tertiary movement (refer to Table 1 ), consists of a secondary 
horizontal movement coupled with a vertical movement, which enlists the contraction of one 
additional extraocular muscle for each eye. Therefore, if an elevated right gaze was desired, the 
eyes would first be moved from primary posit ion to right gaze by two muscles and from right gaze 
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they would then be elevated by an additional pair of muscles to achieve the tertiary position. The 
muscle pairs used to attain each position of _gaze are summarized in Table 2. 
Figure 1: Schematic diagram of eyes used in model. 
E~anded View 
tv1etal Shaft'\. 
----o 
Plastic Ball / 
Screwy 
T 
Wood Ball~ 
Assembled 
¢>Wood Ball has been bored such that there is a hollow sphere in the center and a hollow cone in the back. 
Table 2: Muscle pairs used to attain each position of gaze. 
Position ot : 
Gaze : Horizontal Lett Right ............................... 
Vertical ' ' ' ' , , 
RSR : : : : : : : : :13?13: : : : : : : : : R 10 
Up L 10 : :: : :: ::: LSR: : : :: :: : : LSR 
" :::::::::: ... :::::::::: i 
Down 
- Primary position and secondary movements represented in highlighted areas 
- Tertiary movements represented in non-highlighted areas 
- Tertiary movements include corresponding secondary horizontal muscles 
Convergent 
1' 
RSO 
LSO 
- Muscle names designated by first letter of each word in name (i.e. Left Medial Rectus= LMR) 
- Arrows show route taken to achieve each position of gaze 
The mechanism to contract the muscle pairs consists of a set of shafts extending from the 
front panel of the demonstrator, that when pulled, will "contract" the corresponding pair of 
muscles for the selected position of gaze. The "contraction" and eye turn result from an 
increased tension upon the cord representing a given extraocular muscle (refer to Figure 2). 
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Figure 2: Top view of the basic concept behind the contraction mechanism. 
Non-Contracted Ste.te 
M.lscle Cord 
/ 
Sh~t 
\, 
Contracted Ste.te 
Each cord, or "muscle" , has an in-line spring which acts to keep a constant tension on the 
eye. The in-line springs allow for demonstration of paralysis in primary gaze and for a contracting 
muscle's antagonist to yield. The muscle cords are attached to the eyes in such a position as to 
produce the simulated muscle's primary action. For instance, the right superior rectus inserts on 
the superior part of the right eye, producing an elevation of the right eye if contracted. All of the 
rectus muscles are attached similarly, in their approximate anatomical location, however, the 
oblique muscles are not. In order to avoid the need for the oblique muscles' origins to be anterior 
to the plane of the eyes, the oblique muscles' orientations are switched. For example, instead of 
the anatomical origin of the right superior oblique effectively being from the superior nasal aspect, 
anterior to the right eye, the origin in the demonstrator is at the inferior temporal aspect, posterior 
to the eye (refer to Figure 3) . All four of the oblique muscles have this type of reversed origin, 
which yields the same functional action, respectively. 
Figure 3: Top view of right eye showing anatomical insertion (on superior aspect of eye), and 
functionally equivalent insertion (on inferior aspect of eye) of the right superior 
oblique. 
FunctionallY. Eguivalent 
Insertion ----7 Ane.tornical 
• f-- Insertion 
ll::::::==::::::: :: ::: ::::::::=::r==t==---
' I 
" 
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After the mechanism of muscular action was devised, a mechanism to simulate a 
paresis/paralysis was conceived. It consists of another set of shafts, one for each of the twelve 
extraocular muscles. When pulled, the shaft releases the tension delivered by the selected 
muscle upon its respective eye. The tension exerted on the eye by the non-affected muscles 
takes over and thus creates the simulated paresis/paralysis (refer to Figure 4). 
Figure 4: Top view of the basic concept behind the paralysis mechanism. 
Non-PsrslY,?;ed Sta.te 
Paralyzing Shaft 
! Contraction Shaft ' 
)-Pulleys 
T - l 
M.lscle Cord 
In-line Spring 
Eye /' 
Due to the constant tension upon both sets of shafts created by the in-line springs, there 
needs to be a means to secure the shafts in a desired position. The tension upon the contraction 
shafts is such that the shaft has a tendency to be pulled into the instrument, therefore there is a 
need to secure them in the activated, or contracted, position and not in the non-activated, or 
relaxed, position. Conversely, the tension upon the paralyzing shafts is such that the shaft has a 
tendency to be pushed out of the instrument, therefore there is a need to secure them in the 
non-activated, or non-paralyzed, position and not in the activated, or paralyzed, position. In order 
to secure the shafts in the desired positions, a mechanism was created to hold the contraction 
shafts out and the paralyzing shafts in. All of the shafts have a hole drilled perpendicular to the 
shaft which is tapped (threaded) so that it receives a small diameter, one inch screw. This screw 
goes through the shaft and extends on the other side into a channel cut in sheet metal running 
parallel to the shafts. Depending on the shaft function, contraction or paralyzing, there is a notch 
cut in one end of the channel which receives the screw when the shaft from which it extends is 
twisted. The notches for the contraction shafts are such that when a shaft is pulled into its fully 
contracted state, and then twisted clockwise, the screw is moved from the guide channel into the 
notch, thus holding the shaft in the contracted state (refer to Figure 5). To release the activated 
contraction shaft, it is simply turned counter-clockwise and allowed to return into the instrument. 
The same mechanism is used for the paralyzing shafts, except in reverse, due to the tension on 
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the shaft being opposite. Therefore, the shafts are secured in the non-paralyzed state and must 
be turned counter-clockwise in order to be released into the paralyzed state (refer to Figure 5). 
Figure 5: Mechanism for securing shafts in desired posit ion. 
ToR View : 
Contraction Shaft 
Contraction Shaft 
Side View 
Sheet lvietal 
l 
~screw l ~;-===;l:==:::r:::::::;=~IJ t , 
Shaft 
~Solid Dividers~ 
Tension Tension 
All of the components (eyes, contraction shafts, paralyzing shafts, and shaft securing 
mechanisms) are mounted within a plywood box (approximate dimensions: 1' high x 1' long x 2' 
wide). Visible to the operator are the two eyes, one located on the right side and the other on the 
left side, and the knobs of the control shafts located between the two eyes (refer to Figure 6) . 
The contraction shafts are organized such that any desired lateral gaze is selected first (primary, 
right, left, or convergent), and subsequently any desired vertical gaze (primary, up, or down). The 
lateral gaze control knobs are located horizontally between the two eyes and vertically between 
the two sets of vertical control knobs (refer to Figure 6) . If the desired lateral gaze is primary, no 
knobs need to be manipulated, for the instrument is set in primary gaze. Once a lateral gaze has 
been selected, a vertical gaze can be selected. The vertical gaze control knobs are located above 
the lateral gaze control knobs for up gaze, and below the lateral gaze control knobs for down gaze 
(refer to Figure 6). To select a vertical gaze, pull the knob, either up or down, that corresponds to 
the previously selected lateral gaze. For instance, if the desired gaze is up and to the right, the 
"right" lateral gaze knob would be pulled and subsequently the "up gaze from right" knob would 
be pulled. 
Once the desired gaze has been reached , the muscle, or combination of muscles, to be 
paralyzed can be chosen . To simulate muscle paralysis, the corresponding shaft is unlocked by 
turning the knob counter clockwise and pulling the shaft forward. The elevating muscles (RSR, 
RIO, LSR, LIO) are located around the elevating control shafts. The horizontal muscles (RLR, 
7 
RMR, LMR, LLR) are located around the lateral position control shafts, and the depressing 
muscles (AIR, RSO, LIR, LSO) are located around the depressing control shafts. The twelve 
knobs, representing the twelve extraocular muscles, are marked by the first letters in the 
corresponding muscle's name. For example, the knob representing the left lateral rectus is 
marked LLR. Any desired combination of muscles can be paralyzed, from none of them to all of 
them. When completed observing the effect, push all extended shafts back into their starting 
position. 
Figure 6: Layout of front panel as seen by operator (light knobs represent contraction control 
knobs, and dark knobs represent paralyzing control knobs). 
Instructions: 
1. Select Position of Gaze (pull knob and turn clockwise to lock in 
position): · 
1. First, select Lateral Gaze position: Primary (for which no 
manipulation is necessary), Right, Convergent, or Left. 
2. Then select Vertical Gaze position from the given lateral gaze 
position: Up or Down. 
2. Select Paretic Muscles (turn knob counter clockwise to unlock and 
release). 
3. When done viewing selected situation, return shafts to their starting 
positions. 
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Attributes and Limitations of the Demonstrator: 
Upon initial evaluation of the demonstrator, some of the actions worked well, producing 
the desired effect, but it was apparent that there were several imperfections. The first of these 
was that the activation of the contraction shafts required an inconvenient amount of effort. The 
main factor contributing to this problem was the high amount of tension created by the in-line 
springs. Another problem related to the springs was that the eyes didn't return to primary position 
consistently, after an action was completed. This problem could also be attributed to the tension 
created by the in-line springs, but in this case, the tension exerted on the eyes by the springs was 
too little. These two integrated problems were resolved by lengthening the moment arm at the 
insertion of the muscle cord on the eye, and by changing the in-line springs. By lengthening the 
moment arm, the same tension placed upon the eyes achieves a greater effect. This creates a 
greater sensitivity of the eye to tension and makes it so the eyes will more consistently return to 
primary position after an action is completed. With the advantages offered by the lengthened 
moment arm, the in-line springs could also be changed to reduce the effort needed to activa,te a 
contraction shaft. The springs were changed to offer a slightly less, but more even, tension over 
the full extent of the shaft's pull. These changes adequately relieved the respective problems. 
Another encountered problem was that there were torsional components displayed in the 
actions of the rectus muscles. This was due to the origins of the four muscles on each eye being 
tightly grouped together, as they are anatomically. To excise the torsional components from the 
muscles' repertoire of actions, the .origins were simply moved such that the path from the origin to 
the insertion was parallel to the visual axis set in primary gaze. This treatment worked successfully 
at relieving the problem. 
The final problem encountered was one brought upon by the oblique muscles. Due to 
their angle of insertion, the oblique muscles created a torsional effect upon the actions of the 
vertical rectus muscles. Thus, on an isolated contraction of the superior rectus from primary gaze, 
the desired action is supraduction only, but the oblique muscles add to this a slight intorsion and 
abduction. The actions that involved only the rectus muscles worked properly, when the oblique 
muscles were unfastened. No remedy for this flaw was conceived and thus the model displayed 
inaccurate vertical positions of gaze, rendering the demonstrator of limited use. 
The demonstrator, although not working exactly as desired, will hopefully provide useful 
information and serve as a guide for the next person attempting to construct such a device. A 
suggestion for the next attempt at construction of such a demonstrator, would be to employ 
Sherrington's law of reciprocal innervation. This would diminish the effects of uninvolved 
muscles, by making the effects of the involved muscles more pronounced. Using this principle 
would also eliminate the need for in-line springs due to the mechanical "inhibition" of the 
antagonist muscle, and would also diminish the effects of uninvolved muscles. 
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Paresis/Para~ysis: A Clinical Reference: 
On a theoretical level, the difference between a paralysis and a paresis of an extraocular 
muscle is quite clear. A paralysis is the loss or absence of the ability for neural conduction, 
whereas, a paresis is an incomplete or partial paralysis 1. The difference, simply stated, is that of 
total versus partial loss of function. 
However, on a clinical level, the line between a paralysis and a paresis of an extraocular 
muscle becomes somewhat difficult to draw. A demonstration of this muddled differentiation is 
found throughout the literature, in that the two words, paralysis and paresis, are used 
synonymously with each other. It can be very challenging clinically to differentiate between a 
paralysis and an extreme paresis. This is due to the fact that in a paralysis of an extraocular muscle, 
rarely is there absolutely no movement of the eye into the paralyzed muscle's field of action due to 
the secondary actions of non affected muscles. Thus, the question is raised whether a given 
case exhibiting slight movement is a true paralysis, or is there still some residual action of the 
extraocu lar muscle, classifying it as paretic. This differentiation is not of critical importance, and it is 
somewhat academic to pinpoint a given presentation's position on the continuum of normal 
function to paralytic. The only true clinical information that can be gained by such a strict 
classification is an insight into the anomaly's possible etiology. A paralysis suggests physical 
trauma as its etiology (which can be supported by an acute onset and by a history of trauma), 
whereas the presence of a paresis suggests a more gradual process as its cause. 
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Clinical Course of a Paresis/Paralysis: 
Most acquired pareses and paralyses have a sudden onset, with the patient noticing 
diplopia2. Once a paresis or paralysis is present, the individual's oculomotor system typically 
proceeds through three distinct stages2 (remember this is the typical course, and not absolute). 
The first stage is the initial weakening of the affected muscle with a corresponding diplopia in its 
field of action. For example, if a person's right superior oblique was affected, there would be a 
resulting diplopia (due to right hypertropia) upon left depression only. Infrequently, the process 
stops here for an unknown reason. The second stage is one in which the affected muscle's 
antagonist overacts, and as a result of its new unopposed contracted state, undergoes secondary 
contracture. Secondary contracture of a muscle is a decreased elasticity upon passive stretching 
due to its increased tonus and hyalinization2. This often creates a problem when a paresis or 
paralysis resolves, due to the shortened state of the muscle's antagonist. During the second 
stage, diplopia increases to involve the antagonist's field of action. Continuing from the above 
example, if the right superior oblique was affected, the right inferior oblique would become 
overactive and undergo secondary contracture. This would expand the diplopia (due to a right 
hypertropia) from being isolated to left depression, to involve any left gaze. The third and final 
stage in this process is a further spread of the diplopia to involve all positions of gaze, becoming 
more and more concomitant with time. Thus, in the example of the affected right superior oblique, 
the deviation (right hypertropia) would be present in all positions of gaze. From this process, it is 
apparent that the ease of diagnosis dwindles as the process progresses. 
In the late stages of process described above, diagnosing a strabismus as paretic/paralytic 
can be extremely challenging, yet important in determining the course of action to be taken with 
the patient's treatment. Paretic/paralytic strabismus has the possibility for having a life threatening 
etiology, and therefore the treatment plan must include a determination of the cause, or at least 
ruling out the threatening etiolog ies. To help differentiate a paretic/paralytic strabismus from a 
non-paretic/paralytic strabismus refer to Table 3. 
Also paramount in determining the course of action to take with a patient is to determine 
whether a paresis/paralysis is congenital or advanced, or if it is of recent onset . If the . 
paresis/paralysis is congenital or advanced, there is less concern placed upon the etiology, since 
any life threatening causes that might have existed would have been discovered already. More 
emphasis is placed upon the functional treatment of this type of patient. To help distinguish 
between the two, refer to Table 4. 
1 1 
Table 3: Differences between paretic/paralytic strabismus and non-paralytic/paralytic strabismus 
2 (adapted from von Noorden ~). 
Paretic/paralytic Non-Paretic/paralytic 
Type of onset Often sudden, but may be Usually gradual or shortly 
gradual or congenital after birth; rarely 
sudden 
Age of onset Any age Usually during. childhood 
History of head trauma Common Uncommon 
Difference between Characteristic finding Absent 
primary and secondary 
deviation 
Diplopia Common Uncommon 
ARC or severe amblyopia Uncommon Common 
or both 
Comitance Only in late stages Common 
Head posture Commonly abnormal Rarely abnormal 
Cyclotropia Common with cyclovertical Uncommon except in A 
paresis and V patterns 
Neurologic findings or May be present Usually absent 
systemic disease 
Past-pointing Common with recent Rare 
paralysis 
Table 4: Differences between a congenital or advanced paresis/paralysis and a recent onset 
2 paresis/paralysis (adapted from von Noorden ~). 
Congenital or Advanced Recent Onset 
Diplopia Rare but may occur suddenly Always present but may be 
with decompensation limited to paretic/paralytic 
field 
Image tilting Absent Common with IV nerve 
paresis/paralysis 
Amblyopia May be present Absent 
Comitance Spread of comitance may Characteristically incomitant 
obscure original 
paresis/paralysis 
Abnormal head posture May persist on covering Disappears on covering 
paretic eye because of paretic/paralytic eye 
secondary scoliosis and 
contracture of neck muscles 
Facial asymmetry Common with long-standing Absent 
torticollis 
Contracture of antagonist with May be present Absent 
positive forced ductions 
Past-pointing Absent Present 
Old photographs May show anomalous head Negative 
posture 
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Overview of Extraocular Muscle Locations. Actions. and Innervations: 
Before continuing further, a review of the locations, actions, and innervations of all the 
extraocular muscles is in order to serve as a basis for further discussion. The lateral rectus 
originates posterior to the globe from the lateral aspect of the common tendonous ring and inserts 
on the lateral aspect of the globe (refer to Figure 7). It is innervated ipsilaterally by the abducens 
nerve, cranial nerve VI. The primary action of the lateral rectus is abduction, which stays constant 
from any position of gaze. This extraocular muscle has no secondary actions. Refer to Table 5 for 
a summary. 
The medial rectus originates posterior to the globe from the medial aspect of the common 
tendonous ring and inserts on the medial aspect of the globe (refer to Figure 7). It is innervated 
ipsilaterally by the oculomotor nerve, cranial nerve Ill. The primary action of the medial rectus is 
adduction, which stays constant from any position of gaze. This extraocular muscle has no 
secondary actions. Refer to Table 5 for a summary. 
The superior rectus originates posterior to the globe from the superior aspect of the 
common tendonous ring and inserts on the superior aspect of the globe. The muscle plane 
makes a 23° angle with the visual axis (refer to Figure 7), giving rise to its secondary actions. It is 
innervated contralaterally by the oculomotor nerve, cranial nerve Ill. The primary action of the 
superior rectus is elevation. This extraocular muscle has secondary actions of intorsion and 
adduction, which are negated upon a 23° abduction, hence isolating the primary action. Refer to 
Table 5 for a summary. 
The inferior rectus originates posterior to the globe from the inferior aspect of the 
common tendonous ring and inserts on the inferior aspect of the globe. The muscle plane makes 
a 230 angle with the visual axis (refer to Figure 7), giving rise to its secondary actions. It is 
innervated ipsilaterally by the oculomotor nerve, cranial nerve Ill. The primary action of the inferior 
rectus is depression. This extraocular muscle has secondary actions of extorsion and adduction, 
which are negated upon a 23° abduction to isolate the primary action . Refer to Table 5 for a 
summary. 
The superior oblique anatomically originates posterior to the globe from the lesser wing of 
the sphenoid bone and then travels through the trochlea, a cartilaginous pulley, on the anterior 
medial side of the orbit, which becomes the muscle's physiological origin. The superior oblique 
inserts on the superior posterior aspect of the globe, creating an angle between the muscle plane 
and the visual axis of 51° (refer to Figure 8). It is innervated contralaterally by the trochlear nerve, 
cranial nerve IV. The primary action of the superior oblique is intorsion. This extraocular muscle 
has secondary actions of depression and abduction, which are negated upon a 39° abduction, 
isolating the primary action. Of greater use is the isolation of the secondary action of depression 
by a 51° adduction. Refer to Table 5 for a summary. 
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Figure 7: Geometric representation of the muscle planes of the lateral, medial, superior and 
inferior rectus muscles. Top view of right eye. 
23° I 
' 
Tendonous Ring 
The inferior oblique originates from the anterior nasal orbital floor and inserts on the 
posterolateral aspect of globe, creating an angle between the muscle plane and the visual axis of 
51° (refer to Figure 8). It is innervated ipsilaterally by the oculomotor nerve, cranial nerve Ill. The 
primary action of the inferior oblique is extorsion. This extraocular muscle has secondary actions 
of elevation and abduction, which are negated upon a 39° abduction, isolating the primary action. 
Of greater use is the isolation of the secondary action of elevation by a 51° adduction. Refer to 
table 5 for a summary. 
Figure 8: Geometric representation of the muscle planes of the superior oblique and inferior 
oblique muscles. Top view of right eye. 
M.lscle Plane ?I' ' 
Trochlea ---7 
Superior Oblique ..,., _  ..,.-+ 
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Table 5: Overview of extraocular muscle locations, actions, and innervations. 
Muscle Origin Insertion I Innervation Primary Secondary Action Action/s 
Lateral Rectus Lateral Lateral aspect Abducens ( VI ) Abduction None 
tendonous ring of globe Ipsilaterally 
Medial Rectus Medial Medial aspect Oculomotor ( Ill ) Adduction None 
tendonous rinq of qlobe Ipsilaterally 
Superior Rectus Superior Superior aspect Oculomotor (Ill ) Elevation Intorsion 
tendonous rinq of globe Contralaterally Adduction 
Inferior Rectus Inferior Inferior aspect Oculomotor (Ill ) Depression Extorsion 
tendonous rinq of qlobe Ipsilaterally Adduction 
Superior Oblique -Anatomically Superior Trochlear ( IV) Intorsion Depression 
from Sphenoid Posterior Contralaterally Abduction 
-Physiologically aspect of globe 
from Trochlea 
Inferior Oblique Anterior medial Posterolateral Oculomotor ( Ill ) Extorsion Elevation 
orbital floor aspect of globe Ipsilaterally Abduction 
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Methods for Diagnosing Paretic/Paralytic Extraocular Muscles: 
Direct Observation: 
Direct observation is necessary on every patient, regardless of their problem, and can 
yield excellent information for the astute clinician. Observation should begin upon first seeing the 
patient and continue throughout the time spent with them. With regard to paretic/paralytic 
muscles, upon initial examination, any frank strabismus should be noted with any other gross 
observations relating to it, such as direction, frequency, and comitancy. This will help in guiding 
further, more specific investigations. 
Another observable characteristic is an abnormal head posture, or torticollis2,3_ Torticollis 
may indicate a compensation made by the patient to help deal with a paretic/paralytic extraocular 
muscle. Usually a compensatory head position is oriented such that the patient may reestablish 
binocular vision. In order to do this, the patient positions their head in a manner that allows the 
paretic/paralytic eye to avoid its field of action2,4 (refer to Table 6). For example, if the right lateral 
rectus was paralyzed, the patient would compensate by turning their head to the right, so that to 
look straight ahead, the eyes would effectively be in left gaze, and thus avoid right gaze. 
Occasionally, however, a patient will employ a head posture which will increase the distance 
between the diplopic images to decrease confusion, especially if binocularity is unachievable2. 
Due to this variation, assessment of head posture can only be used as a guide in diagnosis, and 
not as an absolute. 
Table 6: Associated head postures resulting from paretic/paralytic extraocular muscles 
(ad 4 apted from Griffin f). 
Affected Horizontal Vertical Tilt 
Muscle Turn Turn 
RLR Right - -
RMR Left - -
RSR Right Up Left 
RIR Riqht Down Riqht 
RSO Left Down Left 
RIO Left Up Right 
LLR Left - -
LMR Riqht - -
LSR Left Up Right 
LIR Left Down Left 
LSO Right Down Right 
LIO Right Up Left 
Also important in dealing with abnormal head positions, or torticollis, is differentiating 
ocular torticollis from congenital or non-ocular torticollis. The main items to remember here are 
summarized in Table 7. It is also important to note that a long standing ocular torticollis may not 
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resolve, even after the ocular problem has, due to secondary contracture of the associated neck 
and back muscles. 
Table 7: Differences between ocular and congenital or non-ocular torticollis (adapted from von 
2 Noorden ~). 
Factor Ocular Congenital I Non-Ocular 
Age Onset rarely before 1 8 months Onset during the first 6 months 
of age . after birth 
Head Position Head can easily be straightened Passive or vo luntary 
passively or voluntarily and straightening of head is 
tipped to opposite side difficult or impossible due to 
secondary contracture of the 
neck muscles 
Neck Muscles Palpation negative Palpation reveals hardening of 
sternocleidomastoid muscle 
Vision Diplopia common on No visual disturbances 
straightening of head or when 
tilting it to opposite side 
Effect of Head straightens on occluding Torticollis not influenced by 
Occlusion the paretic eye except when occlusion of either eye 
secondary skeletal changes 
have occurred 
Version Test ing: 
With respect to the diagnosis of paretic/paralytic extraocular muscles, versions should be 
performed as usual, binocularly in the physiological H pattern. This pattern isolates the action of 
two muscles (one for each eye) in each of its six positions (refer to Figure 9). The practitioner 
should be observing for any imbalances between the two eyes, and should also be using a 
penlight as a target in order to increase precision by observing the corneal light reflex relative to 
the pupil3. In essence, this is doing a Hirschberg test in all six diagnostic positions of gaze. An 
ocular imbalance is indicative of a problem that might have a paretic/paralytic origin, and warrants 
further investigation. For example, if an imbalance was observed in elevated right gaze, such that 
there was a hypotropia of the left eye, this would most likely indicate an underaction of the left 
inferior oblique. The same problem of a left inferior oblique paresis can also present as a right 
hypertropia. This scenario happens less frequently and is a display of a secondary deviation due 
to a deep rooted left eye dominance (a discussion of primary and secondary deviations can be 
found in the section on cover testing). 
Duction Test ing : 
Duction testing is usually done after version testing has revealed an area of inquiry. It is 
performed monocularly, in the diagnostic act ion fields that are in question, with attention given to 
the ability of the eye to reach the desired position of gaze and to the ability of the eye to stably 
hold that position without deterioration. One can move the target further into the questioned 
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muscle's field of action than the suggested routine positions, in an attempt to achieve a break 
down of a weakened system. Duction testing, similar to version testing, is a gross test which will 
disclose moderate to severe problems, but may not be sensitive enough to unveil a mild to 
moderate paresis. More specific testing is indicated if suspicion still exists after these tests are 
performed with inconclusive results. 
Figure 9: Diagnostic positions of gaze with isolated actions of corresponding extraocular 
muscles. 
Lelt EY-e 
Forced Duction Testing and Generated Muscle Force Testing: 
Forced duction testing is utilized to rule out a mechanical cause for a restricted gaze. The 
testing is done by attempting to physically direct the eye into the restricted field by grasping the 
conjunctiva opposite the direction to be moved with forceps and applying force in the appropriate 
direction. The patient has been topically anesthetized prior to this and is asked to look in the 
direction that is in question to relieve any resistance from antagonistic muscles. If any resistance is 
encountered, it indicates a mechanical restriction, and no resistance indicates a lack of contraction 
from the muscle who's field of action is restricted. 
Generated muscle force testing is utilized to determine the functional state of a muscle 
whose antagonist has undergone secondary contracture2. This test is done by grasping the 
anesthetized conjunctiva opposite the questioned muscle's action field while the patient is gazing 
in the antagonist's action field. The patient then attempts to contract the questioned muscle. If a 
tug is felt on the forceps, then a contraction of the questioned muscle has taken place and the 
muscle has some function (normal or paretic), however, if no tug is felt, the muscle is not 
functional (paralytic). This is important due to the different surgical approaches taken depending 
on the functional state of the involved muscles2. For instance, if a patient's right lateral rectus has 
undergone secondary contracture, and the functional state of the right medial rectus was under 
question, the clinician would grasp the lateral bulbar conjunctiva as the patient is looking right. 
The patient is then asked to look to the left. If no tug is felt, then the right medial rectus is 
paralyzed and appropriate surgical intervention is taken. On the other hand, if a tug is felt, the 
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force generated by the right medial rectus can be objectively quantified with appropriate surgical 
intervention taken. 
Spatial Localization Testing (Past-Pointing): 
Spatial localization testing utilizes a patient's perceptual error in helping to help determine 
if a paresis/paralysis is of recent onset. The test is done by having the patient occlude the non-
paretic/paralytic eye and fixate on an object in the affected muscle's action field. The patient is 
then asked to quickly point to the fixation target, while their hand is being obscured from view 
(refer to Figure 1 0). The accuracy of this action is noted. If the paresis/paralysis is of recent onset, 
then the patient will point further into the action field of the paretic/paralytic muscle than where the 
target was located. This discrepancy is caused by the greater amount of innervation utilized to aim 
the eye at the target than was needed previous to the paresis or paralysis. This new innervation 
level previously corresponded to an eye turn which aimed to a point further into the 
paretic/paralytic action field. This is where the patient who hasn't yet adapted will point. In a long 
standing paresis/paralysis, a patient adapts to this error and reprograms the integration between 
visual perception and kinesthetic action, so they are once again in accord. 
Figure 1 0: Past-Pointing in a patient with a left lateral rectus paresis, with non-paretic/paralytic 
eye occluded and pointing hand obscured from view. A - correct localization in right 
gaze. B - slight discrepancy in localization toward the left in primary position. C -
greater discrepancy in localization toward the left in left gCize. 
A B C 
Cover Testing: 
Cover testing, especially when a deviation is quantified with loose prisms, is one of the 
most precise and powerful tests used in diagnosing paretic/paralytic extraocular muscles. The 
magnitude of prism needed to neutralize the cover test is determined for nine positions of gaze 
(primary position, up, down, and the six diagnostic action fields on the physiological H). This is 
done twice, once with each eye initially fixating, to account for primary and secondary deviations. 
The primary deviation is that which is found with the non-paretic/paralytic eye fixating, and 
the secondary deviation is that which is found with the paretic/paralytic eye fixating. The 
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differences between the two arise from an application of Hering's law of equal innervation. 
Hering's law states that an equal amount of innervation used to appropriately aim the fixating eye, 
is sent to the non-fixating eye's yoke muscle, and thus in a balanced system, creates yoked eye 
movements. In an unbalanced system, however, such as one with a paresis or paralysis, the 
resultant eye movements are not equal. The primary deviation arises when the normal eye fixates 
a target, and an equal amount of innervation supplied to it, is sent to the yoke muscles of the 
paretic/paralytic eye, resulting in less movement than needed for symmetry. The secondary 
deviation arises when the paretic/paralytic eye fixates a target, using a greater than normal amount 
of innervation to achieve the fixation. Subsequently, this amount of innervation is supplied to the 
yoke muscles of the normal eye resulting in more movement than needed for symmetry. The 
secondary deviation is always larger than the primary deviation due to the greater innervational 
effort exerted to achieve fixation with the paretic/paralytic eye2. 
Once the primary and secondary deviations are found in each of the nine positions, the 
paretic/paralytic eye and muscle can be revealed. Whichever eye showed the greatest deviation 
when fixating is the paretic/paralytic eye, and whichever action field displayed the greatest 
deviation, when the paretic/paralytic eye was fixating, designates the paretic/paralytic muscle. For 
example, Figure 11 shows the recorded values of the quantified cover test, demonstrating a left 
superior rectus paresis. 
Figure 11: Quantified cover test values demonstrating a left superior rectus paresis. 
Right EY-e Fixating Left EY-e Fixating 
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Hess-Lancaster Test: 
The Hess-Lancaster Test, like the prism quantified cover test, is a powerful test for 
diagnosing paretic/paralytic extraocular muscles, especially if more than one muscle is involved4_ 
To perform the test, several pieces of equipment are necessary, including red/green glasses, a 
special screen, and a pair of modified flashlights. The screen is white with a grid and nine fixation 
points corresponding to the nine diagnostic positions of gaze (refer to the section on cover 
testing) printed on it in red. The grid is such that the separation between the lines equals 
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approximately seven prism diopters at test distance of one meter. The fixation points are located 
35 prism diopters horizontally from primary position, and 28 prism diopters vertically from primary 
position (refer to Figure 12). The modified flashl ights are designed to project fixation images 
upon the screen; one of them projects a red dot, and the other a green ring. 
Similar to the prism quantified cover test, the Hess-Lancaster Test produces quantified 
results of the primary and secondary deviations in the nine diagnostic positions of gaze. In order 
to accomplish this the patient wears red/green glasses, with the red lens over the right eye, and is 
positioned one meter from the screen. With the room lights dim, the examiner initially holds the 
green projection light and places the ring on the primary position mark on the screen. The patient 
is then asked to take the red projection light and place the dot inside the ring. The patient is 
dissociated by the red/green glasses and will see the green ring with the left eye only and the red 
dot by the right eye only. Due to this dissociation, the patient is in his/her phoric or tropic posture, 
and therefore when the patient subjectively superimposes the two projected images, a 
measurement of the deviation can be taken. After the measurement is taken in primary position, 
measurements are taken in the eight remaining diagnostic positions. The location that the patient 
positions the red light on the screen for each of the nine positions is recorded on a reduced 
replica of the screen (refer to Figure 12). This first set of measurements shows the actions of the 
right eye's muscles with the left eye fixating and is recorded on the right field side. To take the 
second set of measurements with the right eye f ixating, the examiner simply exchanges 
projection lights with the patient and repeats the same procedure. These measurements are 
recorded on the left field side of the recording sheet (refer to Figure 12). This completes the 
testing and interpretation of the results must now be done. 
Figure 12: Hess-Lancaster recording form with muscle action fields indicated. 
Lett Field Right Field 
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To interpret the results, first connect the outer eight responses with lines for each of the 
two fields as done in Figure 13. The smallest of these two enclosed areas indicates the paretic 
eye. For example, the enclosed area on the right field is the smallest in the example shown in 
Figure 13, indicating the right eye is paretic. The right field shows the actions of the right eye's 
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muscles as the left eye fixates. It follows then that the right field, in this example, shows the 
primary deviation, and the larger deviation in the left field displays the secondary deviation. The 
greatest underaction is established in the example's paretic right eye in the superior rectus 
muscle's field of action, thus demonstrating a right superior rectus paresis (refer to Figure 13). 
When interpreting the results, keep in mind the effects of phoric posture, anomalous retinal 
correspondence, suppression, and poor cooperation which may hinder the correct diagnosis. 
Figure 13: Hess-Lancaster results of a right superior rectus paresis (grid removed to simplify 
diagram). 
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Park's Three Step Method for Paretic/Paralytic Cyclovertical Muscle Testing: 
The Park's Three Step method of isolating a paretic/paralytic cyclovertical extraocular 
muscle uses three steps, as the name implies, to determine which of the eight cyclovertical 
muscles (RSR, RIR, RSO, RIO, LSR, LIR, LSO, and LIO) is likely paretic/paralytic. In each step, the 
most hyper eye is determined through the utilization of a prism quantified cover test, in the step's 
designated position. By understanding the muscle's actions, a paretic/paralytic muscle can be 
singled out. The first step determines which eye is the hyper eye in primary gaze, the second 
step determines upon which gaze position, right or left, is the hyper deviation greater, and the 
third step determines upon which head tilt, right or left, is the hyper deviation greater. A summary 
of each possibility with its corresponding paretic/paralytic muscle is found in Table 8. 
Table 8: The Parks three step method for paretic/paralytic cyclovertical muscle isolation 
4 (adapted from Griffin ~). 
Most hyper eye in Gaze upon which Tilt upon which Paretic/paralytic 
primary position hyper is greater hyper is greater Muscle 
Riqht Riqht Riqht LIO 
Right Right Left RIR 
Riqht Left Riqht RSO 
Right Left Left LSR 
Left Riqht Riqht RSR 
Left Right Left LSO 
Left Left Right LIR 
Left Left Left RIO 
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Clinical Paretic/Paralytic Presentations: 
This section will focus on clinical presentations of paretic/paralytic extraocular muscles, 
including descriptions of their clinical signs and symptoms, epidemiology, and etiologies. A 
discussion on various treatments is not included, for it is not within the intent of this paper. When 
discussing epidemiology, three main studies are cited. The first one was done by Rucker in 
19585, the second was also done by Rucker in 19666, and the third was done by Rush and 
Younge in 19817. Each of these studies included 1000 patients with acquired pareses/paralyses 
and was done in a large hospital based setting. Those individuals with congenital nerve 
anomalies, myasthenia gravis, Graves' ophthalmopathy, and birth injuries were not included in the 
studies. Six main categories were used in the studies to categorize the etiologies, these being 
head trauma, neoplasm, vascular (including diabetes mellitus, hypertension, and atherosclerosis), 
aneurysm, undetermined, and other. The studies provide useful information, but have several 
drawbacks when attempting to make the correlation between their distributions and the 
distribution that a primary care optometrist would encounter. The main one being that the majority 
of the patients in the studies were already at the secondary care level, if not the tertiary, as 
opposed to the primary care level of the general optometrist. From the primary care point of view, 
the results would tend to be skewed towards the more severe and obvious cases. 
Ill Nerve Paresis/Paralysis (Complete): 
A patient with a complete third nerve paresis/paralysis typically presents with an abducted 
and slightly depressed and intorted gaze, due to the actions of the unaffected lateral rectus and 
superior oblique muscles. Accompanying this is a fixed dilated pupil and lack of accommodation 
due to an interruption of the corresponding parasympathetic fibers found within the third nerve, 
and a ptosis due to the lack of innervation to the levator palpebrae. Congenital forms and 
acquired forms with diabetic origin rarely have the pupil or accommodation affected8. Some 
clinicians have also noted varied degrees of proptosis2,9 due to a decreased tonic force from four 
of the six extraocular muscles. 
There are many different possible combinations of muscle pareses/paralyses from the 
third cranial nerve. No breakdowns of the prevalence of each combination was found in the 
literature, other than vague statements that single muscle pareses/paralyses from the third nerve 
are rare and usually congenita12,3. From the combined values of the three previously noted 
studies, acquired third nerve pareses/paralyses, of unspecified muscle combinations, accounted 
for 30% of all cases (refer to Table 9), with the greatest number of these cases, 24.1 %, being of 
undetermined etiology (refer to Table 1 0}. The largest category, other than those of 
undetermined etiology, was that of vascular origin, which accounted for 18.9% of the cases (refer 
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to Table 1 0). Of all reported third nerve pareses/paralyses, 48.3% of the cases had partial or total 
resolution, with the best resolution rate (73.3%) among those of vascular origin, and the worst 
(23.5%) among those of neoplastic origin? (refer to Table 11). Aberrant regeneration may occur 
in cases of third nerve paralyses caused by aneurysm or trauma due to misdirected growth of 
damaged nerve fibers, and can result in various peculiar muscle actions 1 o. 
Table 9: Distribution of 1000 cases of acquired extraocular muscle paresis/paralysis for each of 
three studies 
Cranial Nerve Rucker {'58)5 Rucker {'66)6 Rush&Younge7 Combined 
Ill 33.5% 27.4% 29.0% 30.0% 
IV 6.7% 8.4% 17.2% 10.7% 
VI 40.9% 51.5% 41.9% 44.8% 
Multiple 18.9% 12.7% 11.9% 14.5% 
Table 10: Distribution of the causes of acquired third cranial nerve paresis/paralysis for each of 
three studies 
Cause Rucker ('58}5 Rucker ('66}6 Rush&Younge7 Combined 
Undetermined 95.(28.4%) 55 (20.0%) 67 (23.1 %) 217 24.1% 
Head Trauma 51 (15.2%) 34 (12.4%) 47 (16.2%) 132 14.7% 
Neoplasm 35 (1 0.4%) 50 (18.2%) 34 (11.7%) 119 13.2% 
·Vascular 63 (18.8%) 47 (17.2%) 60 (20.7%) 170 18.9% 
Aneurysm 64 (19.1%) 50 (18.2%) 40 (13.8%) 154 17.1% 
Other 27 (8.0%) 38 (13.9%) 42{14.5%) 107 11.9% 
Total 335 (100%) 274 (100%) 290 (100%) 899 100% 
Table 11: Recovery rates of paretic/paralytic cranial nerves as found by Rush & Younge?. 
Cause\CN# Ill IV VI Multiple Total 
Undetermined 50.7% 54.8% 50.8% 30.0% 51.0% 
Head Trauma 36.1% 43.6% 38.6% 44.0% 27.6% 
Neoplasm 23.5% 42.9% 21.3% 12.2% 20.3% 
Vascular 73.3% 75.0% 68.9% 50.0% 70.9% 
Aneurysm 37.5% 33.3% 66.6% 50.0% 46.5% 
Other 52.4% 46.1% 58.7% 58.3% 55.8% 
Total 48.3% 53.5% 49.6% 35.6% 48.3% 
* a few patients 1n each group were unavailable for follow-up and recovery 1s unknown 
Ill Nerve Paresis/Paralysis (Superior Rectus only): 
A patient with a third nerve paresis/paralysis affecting only the superior rectus typically 
presents with a limitation of elevation, especially upon abduction, and is commonly associated 
with a ptosis due to the levator muscle also being affected. Long standing cases may progress to 
a hypotropia even in primary gaze, due to secondary contracture of the inferior oblique. An 
elevation of the head, with a slight turn towards the affected side, and a tilt away from the affected 
side may also be present. These cases are extremely rare and usually congenita12,3_ 
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Ill Nerve Paresis/Paralysis (Medial Rectus only): 
A patient with a third nerve paresis/paralysis affecting only the medial rectus typically 
presents with a limitation in adduction and may progress to an exotropia, even in primary gaze, 
due to secondary contracture of the unopposed lateral rectus. A head turn away from the 
affected side may also be present. These cases are extremely rare and usually congenita12,3_ 
One etiology that must be ruled out in the case of a medial rectus paresis/paralysis is an 
intranuclear ophthalmoplegia which presents as either a unilateral or bilateral paresis/paralysis of 
the medial rectus muscle(s) with a concurrent asymmetric nystagmus of the abducting eye2,3_· A 
unilateral case is usually caused by an infarction involving the small branch of the basilar artery, 
which supplies the medial longitudinal fasciculus2, whereas a bilateral case often indicates 
multiple sclerosis, which must be ruled out, if such a presentation occurs2,3_ 
Ill Nerve Paresis/Paralysis (Inferior Rectus only): 
A patient with a third nerve paresis/paralysis affecting only the inferior rectus typically 
presents with a limitation of depression, especially upon abduction and may progress to a 
hypertropia, even in primary gaze, due to secondary contracture of the superior rectus. A 
depression of the head, with a slight turn and tilt towards the affected side may also be present. 
These cases are extremely rare and usually congenita12,3. 
Ill Nerve Paresis/Paralysis (Inferior Oblique only): 
A patient with a third nerve paresis/paralysis affecting only the inferior oblique typically 
presents with a slight intorsion and a limitation of elevation upon adduction, which might progress 
to a hypotropia in primary gaze due to the unbalanced effects of the superior oblique. An 
elevation of the head, with a slight turn away from the affected side, and a tilt towards the affected 
side may also be present. These cases are the rarest of all isolated third nerve pareses/paralyses 
and are usually congenita12,3. 
IV Nerve Paresis/Paralysis (Superior Oblique): 
A patient with a fourth nerve paresis/paralysis affecting only the superior oblique typically 
presents with a slight extorsion and a limitation of depression upon adduction, which might 
progress to a hypertropia in primary gaze due to secondary contracture of the inferior oblique. A 
depression of the head, with a slight turn and tilt away from the affected side may also be present. 
From the combined values of the three previously noted studies, acquired fourth nerve 
pareses/paralyses account for 10.7% of all cases (refer to Table 9). Caloroso and Rouse feel that 
the number of reported cases is low, attributing this to the difference between the type of setting 
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and patient populations seen3. Von Noorden states that it has been his experience that the 
fourth nerve is the most frequently affected, however, unlike the three studies, congenital cases 
were included along with the acquired ones2. The largest percentage of acquired fourth nerve 
paresis/paralysis cases reported by the combined three studies was a result of head trauma and 
accounted for 31.6% of the cases (refer to Table 12). The second largest category was that of 
undetermined etiology, which accounted for 30.7% of the cases, followed by vascular etiologies 
accounting for 21 .3% of the cases (refer to Table 12). Of all reported fourth nerve 
pareses/paralyses, 53.5% of the cases had partial or total resolution, with the best resolution rate 
(75.0%) for those of vascular origin, and the worst (33.3%) for those of aneurysmal origin? (refer 
to Table 11). 
Table 12: Distribution of the causes of acquired fourth cranial nerve paresis/paralysis for each 
of three studies 
Cause Rucker ('58)5 Rucker {'66)6 Rush& Younge? Combined 
Undetermined 9 (13.4%) 28 (33.3%) 62 (36.0%) 99 (30.7%) 
Head Trauma 24 {35.8%) 23 (27.4%) 55 (32.0%) 102(31.6%) 
Neoplasm 3 (4.5%) 7 (8.3%) 7 (4.1%) 17 (5.3%) 
Vascular 24 .(35.8%) 13 (15.5%) 32 {18.6%) 69 {21.3%) 
Aneurysm 0 (0.0%) 0 (0.0%) 3 (1.7%) 3 (0.9%) 
Other 7(10.4%) 13 (15.5%) 13 (7.6%) 33 (10.2%) 
Total 67 (100%) 84 (1 00%) 172 (100%) 323 (1 00%) 
VI Nerve Paresis/Paralysis (Lateral Rectus): 
A patient with a sixth nerve paresis/paralysis affecting the lateral rectus typically presents 
with a limitation in abduction, which may progress to an esotropia, even in primary gaze, due to 
secondary contracture of the unopposed medial rectus. A head turn toward the affected side may 
also be present. 
From the combined values of the three previously noted studies, acquired sixth nerve 
pareses/paralyses account for 44.8% of all cases (refer to Table 9) . Borish also states that the 
greatest prevalence of paresis/paralysis occurs from the sixth nerve9. The largest percentage of 
reported acquired sixth nerve paresis/paralysis cases were of undetermined etiology and 
accounted for 27.2% (refer to Table 13). The largest category, other than those of undetermined 
etiology, was that of neoplasms, which accounted for 22 .5% of the cases (refer to Table 13). Of 
all reported sixth nerve pareses/paralyses, 49.6% of the cases had partial or total resolution , with 
the best resolution rate (68.9%) for those of vascular origin, and the worst (21 .3%) for those of 
neoplastic origin 7 (refer to Table 11 ). 
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Table 13: Distribution of the causes of acquired sixth cranial neNe paresis/paralysis for each of 
three studies 
Cause Rucker ('58)5 Rucker ('66)6 Rush& Younqe 7 Combined 
Undetermined 129 (31.5%) 112 (21.7%) 124 {29.6%) 365 {27.2%) 
Head Trauma 57 (13.9%) 55 (10.7%) 70 (16.7%) 182 (13.6%) 
Neoplasm 82 (20.0%) 159 (30.9%) 61 (14.6%) 302 (22.5%) 
Vascular 57 (13.9%) 46 (8.9%) 74 (17.7%) 177 (13.2%) 
Aneurysm 16 (3.9%) 15 (2.9%) 15 (3.6%) 46 (3.4%) 
Other 68 (16.6%) 128 (24.9%) 75 (17.9%) 271 (20.2%} 
Total 409 (100%) 515 (100%) 419 (100%) 1343 (1 00%) 
Multiple NeNe Paresis/Paralysis: 
This classification includes a variety of different paretic/paralytic neNe combinations and 
therefore has a variety of different presentations which are dependent upon the nerves and 
corresponding muscles that are affected. Restrictions are found in the affected muscle's field of 
action with a tropia in the opposite direction due to the uninhibited action of the affected muscle's 
antagonist. A variety of head tilts may also be present in these cases, but are much more 
unpredictable. 
From the combined values of the three previously noted studies, acquired multiple neNe 
pareses/paralyses account for 14.5% of all cases (refer to Table 9). The largest percentage of 
reported acquired multiple neNe paresis/paralysis cases, 30.6%, was caused by neoplasms (refer 
to Table 14}. The largest category, other than those of neoplastic etiology, was that of head 
trauma, which accounted for 20.2% of the cases (refer to Table 14). Of all reported multiple 
nerve pareses/paralyses, 35.6% of the cases had partial or total resolution, with the best 
resolution rate (58.3%} for those of nonspecific "other" causes, followed by equal rates (50.0%) 
for those of both vascular and aneurysmal origin 7 (refer to Table 11). The worst recovery rate, of 
12.2%, was seen under the neoplasm category? (refer to Table 11 ). 
Table 14: Distribution of the causes of acquired multiple cranial neNe paresis/paralysis for each 
of three studies 
Cause Rucker ('58)5 Rucker ('66)6 Rush& Younge? Combined 
Undetermined 49 (25.9%) 16 (12.6%) 10 (8.4%) 75 (17.2%) 
Head Trauma 36 (19.0%) 27 (21.3%) 25 (21.0%) 88 (20.2%) 
Neoplasm 45 (23.8%) 47 {37.0%) 41 (34.5%) 133 {30.6%) 
Vascular 9 (4.8%) 1 (0.8%) 6 (5.0%) 16 (3.7%) 
Aneurysm 29 (15.3%) 12 (9.4%) 13 (10.9%) 54 (12.4%) 
Other 21 (11.1%) 24 (18.9%) 24 (20.2%) 69 (15.9%} 
Total 189 (100%) 127 (100%) 119 (1 00%) 435 (1 00%) 
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Paresis/Paralysis of Yoked Extraocular Muscles: 
This type of paresis/paralysis presents as a limitation of versional eye movements into a 
specific field (up, down, left, or right)2. The movements are generally conjugate with binocularity 
being preserved. Any associated head turn would be in the direction of the limited movement. 
For example, if while testing versions, a patient was unable to move either eye into a right gaze, 
but all other versions were normal, then this patient would be displaying a paresis/paralysis of the 
right lateral rectus and the left medial rectus. An associated head turn would be to the right. Such 
an anomaly is caused by a supranuclear lesion in the corresponding gaze center or pathway. 
Further discussion on this subject is beyond the scope of th is paper and can be found in a text on 
neuroophthalmology. 
Convergence Paresis/Paralysis: 
This is a limitation or inability of the oculomotor system to converge. It is caused by a 
lesion in the convergence center and is distinguished from a functional difficulty by fulfilling four 
requirements9. The first being that there must be evidence of intracranial disease, the second 
being that the paresis/paralysis must have suddenly occurred, the third being that the signs and 
symptoms must be fairly consistent upon retesting at different times, and the fourth being that 
convergence can not be elicited by accommodation or pupillary responses. 
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Anomalies which Mimic or Cause Extraocular Muscle Paresis/Paralysis: 
Brown's Syndrome (Superior Oblique Tendon Sheath Syndrome): 
This condition mimics an inferior oblique muscle paresis/paralysis, in that there is a 
limitation of upward gaze upon adduction. Unlike a paresis/paralysis, a positive forced duction test 
is present with this anomaly, indicating a mechanical, and not a neurologic, cause for the restricted 
gaze. Brown's syndrome is usually caused by an abnormally short superior oblique tendon 
sheath, which extends from the trochlea to the sclera, or by an anomaly of the tendon itself, which 
restricts its movement through the trochlea. In either case there is a mechanical restriction which 
effectively limits the action of the inferior oblique muscle. 
Contracture: 
Contracture is a decrease in the elasticity of a muscle upon passive stretching2. This 
decrease in elasticity can be caused secondarily by several different sources, including 
inflammation, trauma, endocrine myopathy, and, as noted earlier, secondary to a 
paresis/paralysis. Contracture of a muscle mimics a paresis/paralysis of the muscle's antagonist, 
and is easily ruled out with forced duction testing. 
Duane's Syndrome type I (Retraction Syndrome): 
Duane's retraction syndrome is a congenital anomaly involving the nucleus of the fourth 
cranial nerve. The most typical presentation displays a limitation or absence of abduction, with a 
ptosis and retraction of the globe into the socket upon adduction 1 0_ Adduction is also restricted 
to a lesser degree. These symptoms can be attributed to an apparent rerouting of the fourth 
nerve to synapse upon the medial rectus instead of the lateral rectus 1 0_ This condition must be 
ruled out from a presumed fourth nerve paresis/paralysis. 
Endocrine Myopathy (Grave's Disease): 
One of the complications of Grave's disease is endocrine myopathy, which can arise at 
any time during its course. The process of endocrine myopathy starts as edema of the extraocular 
muscles due to an increased concentration of hydrophilic mucopolysaccharides 1 0_ This edema 
eventually gives way to fibrosis and contracture of the involved muscle. The most commonly 
affected muscle is the inferior rectus2' 1 0, which upon contracture imitates a superior rectus 
paresis/paralysis 1 0. The next most frequently affected muscle is the medial rectus, which 
simulates a paresis/paralysis of the lateral rectus, and the least common muscle to undergo 
contracture is the lateral rectus 1 o. Associated signs of Grave's disease, or hyperthyroidism, are 
exophthalmos, due to the increased muscle mass and proliferation of orbital fat, and lid 
retraction 1 0. If a patient is suspected of having Grave's disease, referral to an internist for 
confirmation is in order. 
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Myasthenia Gravis: 
Myasthenia gravis is an autoimmune disease which affects the synapse between skeletal 
muscles and their corresponding efferent nerves and is characterized by weakness and fatigability 
of skeletal muscles. As a general rule, symptoms progressively get worse throughout the day and 
after physical activity. Ocular symptoms are the presenting feature 502 to 601 0 percent of the 
time, and of these, 80% progress to full body involvement1 o. No specific pattern is followed by 
the extraocular muscles as to which ones are the most frequently involved2. The most prominent 
sign is ptosis of the upper lid, which will twitch upwards and then resettle upon a rapid change 
from down gaze to primary position. The ptosis can also become more pronounced upon a 
sustained upward gaze. The systemic introduction of edrophonium (Tensilon), a fast acting 
anticholinesterase, will bring rapid, but transient, relief. This test is done for a confirmation of the 
diagnosis for which an appropriate referral is in order. 
Orbital Fracture with Entrapment: 
This condition is a result of trauma, which creates a fracture in the bony structure of the 
orbit with subsequent entrapment of a portion of an extraocular muscle or its fascia. This causes a 
mechanical restriction of gaze into both the entrapped muscle's and its antagonist muscle's field 
of gaze. The most commonly affected fields of gaze are that of up and down 10. A positive forced 
duction test as well as appropriate diagnostic imaging are used to confirm or rule out the 
diagnosis. 
Retroequatorial Muscle Adhesion: 
This anomaly is caused by an adherence of a rectus muscle to the sclera, posterior to the 
equator. This creates a situation in which there is limited movement into the affected muscle's 
field of action, due to what is effectively an aberrant muscle insertion (refer to Figure 14). This 
condition exhibits a positive forced duction test. 
Figure 14: Retroequatorial adhesion of a rectus muscle in normal relaxed state and in a 
restricted fully contracted state (adapted from von Noorden2). 
Relaxed State Fully Contracted State 
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Table 15: Anomalies which mimic or cause extraocular muscle paresis/paralysis and their most 
out t d. I f t s an Jnq ocu ar ea ure. 
Condition Most Outstanding Ocular Feature 
Brown's Syndrome Limitation of upward gaze upon adduction 
with a positive forced duction test 
Contracture Positive forced duction test 
Duane's Syndrome Limitation of abduction with ptosis and 
retraction of the globe upon adduction 
Endocrine Myopathy Exophthalmos and lid retraction 
Myasthenia Gravis Ptosis which will twitch upwards and then 
resettle to ptotic position upon rapid 
shift from depression to 1 ° position 
Orbital Fracture with Positive forced duction test in up gaze with 
Entrapment history of trauma 
Retroequatorial Muscle Positive forced duction test 
Adhesion 
3 1 
Conclusion: 
Patients with extraocular muscle pareses and paralyses are not encountered often in the 
primary care clinic setting, however a few inevitably present to most clinics. Due to the possible 
life threatening etiology of a paresis/paralysis, a good basic understanding of this subject is 
necessary in order to provide appropriate care and referrals for these individuals. Keep in mind 
that if any doubt exists concerning the etiology of a recent onset paresis/paralysis, appropriate 
referrals must be made in order to rule out the possibility of a life threatening cause. This manual 
helps to provide a fundamental comprehension of paretic/paralytic extraocular muscles and 
serves as a reference to aid in the assessment of afflicted individuals. 
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